Subclinical hypothyroidism comrpsies elevated serum thyroid-stimulating hormone (TSH) 
influences such as heterophilic antibodies; second, reference populations used as the basis for a normal range are highly different in terms of e.g. iodine intake, age, gender, and presence of thyroid autoantibodies, and should not be confused with cut-off limits; 5 third, even if the clinical and scientific community could agree on those two points there would still be a large inter-individual variability compared with the person's own variability in thyroid function variables over time (intra-individual variability), implying that one combination of TSH-T4 could mean euthyroidism in one individual and subclinical hypothyroidism in another. 6 These differences in defining the condition are also part of the reason for the reported prevalence of subclinical hypothyroidism varying from 4 to 17% of a normal population.
Some of the above controversial issues are elegantly considered in an article by Beckett and MacKenzie, 7 accompanied by an editorial by Weetman. 8 Their review of current guidelines highlighted another often overlooked reason for circumspection in using apparently precise TSH decision limits for treatment recommendations. As they pointed out, the reasons for having guidelines is to simplify and standardize treatment.
The danger in simplification is obvious in that it fails to take the patient as an individual into account, as is frequently made clear in ripostes to the onslaught of evidence-based medicine. It also must be admitted that much evidence will never be gathered in areas of established clinical endocrinology practice, while in others such as the evidence supporting treatment of subclinical hypothyroidism, there are still surprising gaps and uncertainties 6 that may for other reasons never be investigated in the full evidence-based manner (see below).
Cardiac Morbidity and Mortality in Subclinical Hypothyroidism
Although it is the general clinical impression that patients with overt hypothyroidism have increased cardiac morbidity and mortality, real evidence is scarce. More controversial is the morbidity and mortality when considering mild or subclinical hypothyroidism. Most available evidence is based on surrogate markers such as adverse lipid profile, endothelial dysfunction, increased arterial stiffness, and cardiac performance. 6, 9 However, some population studies have provided a reasonable level of evidence for the mortality and cardiovascular morbidity rates in hypothyroidism (see Table 1 ). As seen in Table 1 , the studies are widely different both in population selection, follow-up period and definition of the degree of thyroid dysfunction (by choice of TSH decision levels). The general picture from these studies is that of only a questionable or at best minor association between hypothyroidism and cardiovascular death, although many of them do find an association with cardiovascular risk. A large population study from the UK 10 of a 10-year follow-up of 1,191 persons in the community over 60 years of age described no association between raised serum TSH at screening and higher mortality, quite the opposite to persons with suppressed TSH. Similarly, the large cross-section Cardiovascular Health Study from the US including 3,678 subjects found no increased cardiovascular morbidity in those with subclinical hypothyroidism compared with those with normal TSH levels, 11 and the 20-year follow-up of 2,779 subjects from the Wickham study 12 did not find such association either. However, in a recent re-analysis of this cohort 13 with exclusion of individuals with known thyroid disease or ischemic heart disease and on medications that could affect thyroid function, the majority of participants at baseline were euthyroid (95.9%; mean age 45.3 years, range 18-92). The prevalence of subclinical hypothyroidism (between 6 and 15mU/liter) was 4.1% (mean age 49.9 years, range 18-87) and was higher in women, older individuals, non-smokers, and those with positive thyroid antibodies. These patients had a higher mortality rate from ischemic heart disease with a relative risk (RR) of approximately 1.8.
Furthermore, in a cross-sectional study of 1,149 women aged 69±7.5
years from Rotterdam Hak et al. 14 described an increased risk for atherosclerosis and acute myocardial infarction in subjects with subclinical hypothyroidism defined as serum TSH >4.0mU/liter and normal levels of T4 and T3, but there were no data on mortality.
Other recent publications also focused on subclinical hypothyroidism in elderly subjects. Among 3,233 persons aged 65+ followed for 12 years, 496 (15%) had subclinical hypothyroidism. No difference was found concerning cardiovascular outcomes or mortality in subclinical hypothyroidism compared with overt hypothyroidism or euthyroid controls (adjusted hazard ratio 1.07; 95% confidence interval [CI] 0.9-1.28). 13 Among 558 persons from Leiden aged 85 years, 67 (13%) had subclinical hypothyroidism (here defined with TSH >4.8mU/liter). They were followed for four years and the mean annual mortality rate was lower in those with subclinical hypothyroidism compared with both those with low and normal TSH levels. 15 Gussekloo et al. found similar results. 16 Van den Beld studied 403 men (73-94 years) from Rotterdam for four years and found a significantly lower mean annual mortality rate in those with a low free T4 level compared with those with a normal or high free T4. In the paper it was suggested that a low T4 level should represent an adaptive mechanism to prevent excessive catabolism. 17 Walsh et al. 18 found a significant relationship between subclinical hypothyroidism and ischemic heart disease, but no relationship between subclinical hypothyroidism and mortality in Australia.
In contrast to the above-mentioned reports, a Japanese study using Kaplan-Meier survival curves that the all-cause survival rate was lower in 257 men with subclinical hypothyroidism (TSH above 5.0mU/liter) than in the 2,293 controls, but no similar difference was apparent in women. They assumed that the increased mortality was due to an increase in ischemic heart disease, although this was not investigated.
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Meta-analyses and Structured Review of Mortality Data in Subclinical Hypothyroidism
Rodondi et al. performed a meta-analysis of 14 observational studies 20 and found that subclinical hypothyroidism was associated with increased risk for coronary heart disease (odds ratio (OR) 1.65; 95% CI 1.28-2.12), but there was no mentioning of mortality and no clinical trials of replacement. The conclusion was that clinical trials are needed to assess whether T4 replacement reduces the risk for coronary heart disease in subjects with subclinical thyroid disease.
In another meta-analysis Ochs et al. 21 used a random-effects model and found the RR for subclinical hypothyroidism for ischemic heart disease at 1.20 (95% CI 0.97-1.49; p for heterogeneity 0.14; I(2) 33.4%). Risk estimates were lower when higher-quality studies were pooled (RR 1.02-1.08) and were higher among participants younger than 65
years. The RR was 1.18 (CI 0.98-1.42) for cardiovascular mortality and 1.12 (CI 0.99-1.26) for total mortality. They concluded that subclinical hypothyroidism may be associated with a modest increased risk for ischemic heart disease and mortality, with lower risk estimates when pooling higher-quality studies.
Razvi et al. conducted a third meta-analysis on the influence of age on the relationship between subclinical hypothyroidism and ischemic heart disease. 22 Fifteen studies with a total of 2,531 patients with subclinical hypothyroidism and 26,491 euthyroid individuals were included. Both incidence and prevalence of ischemic heart disease were higher in (0.56-1.29). Prevalent ischemic heart disease was higher in subclinical hypothyroidism of both genders, but statistically significant only in women. They concluded that subclinical hypothyroidism was associated with increased ischemic heart disease (both prevalence and incidence) and cardiovascular mortality only in subjects from younger populations, and these data thus suggest that increased vascular risk may only be present in younger individuals with subclinical hypothyroidism.
A fourth comparative review by Haentjens et al. 23 looked at nine cohorts including 1580 participants with subclinical hypothyroidism, and noted that observed heterogeneity (Q test p=0.006; I(2)=63%) disappeared Thyroid Disorders 26 and predicted a 9-31% risk reduction in cardiovascular mortality. Caraccio et al. 27 studied 49 patients (mainly women) aged 18-50 years with TSH >3.6mU/liter (of whom, 12 had TSH concentration >6mU/liter). They found a modest decrease in the level of triglyceride and LDL cholesterol in the T4-treated group and no change in the placebo group, and with a calculated risk reduction of approximately 15% in ischemic heart disease. However, the calculation was, based on data from males only, while no data were available for females, and, furthermore, mortality was not investigated. Other randomized studies have provided conflicting results on the effects on symptoms of hypothyroidism when treated with T4. [28] [29] [30] In non-randomized studies, an increased risk for atherosclerosis has been estimated by pulse wave velocity in patients with varying degrees of hypothyroidism 31, 32 and this effect was reversed in one of the studies with appropriate thyroxine treatment.
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A Cochrane review of treatment of subclinical hypothyroidism was carried out by Villar et al. 33 Twelve randomized controlled trials (RCTs) (n=485, 75% women) met the selection criteria, and all of them compared T4 replacement with placebo (11 RCTs) or no treatment (one RCT). Daily LT4 doses varied from 65µg (four trials) to 150µg (one trial), and study duration varied between six and 14 months. All trials were of moderate or good quality (Jadad scale >3). The TSH decision level was highly variable among methods. None of the trials reported on mortality (cardiovascular or all-cause) or cardiovascular morbidity, and groups did not differ in any trial with respect to hypothyroid signs and symptoms (seven trials), quality of life (two trials), or adverse effects (four trials). In one trial (n=66), thyroid hormone replacement improved cognitive function (weighted mean difference 2.4, 95% CI 0.3-4.5, p=0.03). The general conclusion was that in adults with subclinical hypothyroidism, evidence does not support a benefit for thyroid hormone replacement therapy. This conclusion has been extensively commented, e.g. by
Gharib et al., 34 who found it premature to conclude that all patients with subclinical hypothyroidism should not be treated with thyroid replacement therapy. He stressed the importance to remember that "lack of definitive evidence for a benefit does not equate to evidence for lack of benefit." Mild hypothyroidism, usually defined by an approximate serum TSH of 5-10mIU/liter, is expected to have milder symptoms, and demonstration of beneficial treatment effects would accordingly require very large patient groups and much longer treatment periods.
According to Dr. Gharib: "Physicians taking care of these patients need the flexibility to exercise their best clinical judgment in each case,"
which is in keeping with a similar statement from Weetman on the same topic but here mainly in the view of the difficulty to base clinical decisions on studies using very different-and in many cases no longer available-TSH assays.
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The Case for Treatment of Subclinical Hypothyroidism
The main arguments are that the patients have or are at risk for developing an adverse cardiovascular profile, subclinical hypothyroidism is most likely a mild variant of overt hypothyroidism, and some patients will feel much better after replacement therapy. Patients should be informed about the disease and possible improvement (or not) by treatment. In each case it is important to ensure the diagnosis (test for heterophilic antibodies, send sample to another laboratory using a different commercial kit), measure antithyroid peroxidase (TPO)
antibodies, check serum TSH at follow-up within three to six months and subsequently once or twice a year. In case of even vague symptoms, objective findings and/or patient request, make a therapeutic trial of levothyroxine. For most clinicians it is important to know that TSH decision levels in one publication are not necessarily the same as in another and the laboratory bias of different TSH measurements is often unknown. 7, 8 In other words, a published TSH decision level of e.g. 7.5mU/liter in your own laboratory using a different method might be 4.5 or 10mU/liter, and thus be your cut-off for subclinical or overt hypothyroidism.
Conclusions
Most of the studies of subclinical hypothyroidism are observational, and it does not always follow that treatment of subclinical hypothyroidism will reduce the risk for cardiovascular disease and mortality. To demonstrate such a benefit would require very large clinical trials with a long follow-up period. Ideally, randomized placebo-controlled clinical trials of levothyroxine therapy in different patient groups should be performed. The most important outcome measures should include both hard end-points such as mortality, but also general morbidity, cost-effectiveness and quality of life. 35 The latter may be important in particular in elderly patients with co-existing heart disease, who may not benefit subjectively from levothyroxine treatment and whose long-term protection from future deterioration of cardiovascular disease by levothyroxine therapy could be overestimated and even questioned. However, such studies on the effects of treatment of subclinical hypothyroidism are very unlikely to be conducted as
investigator-initiated trials due to the costs, and it is doubtful whether such a trial could attract sufficient interest from the pharmaceutical industry. Evidence-based management of subclinical hypothyroidism may thus also in the future have to be based on epidemiological studies and on clinical trials with surrogate cardiovascular end-points.
In the view of the author, available evidence speaks for treatment (or at least performing a therapeutic trial of at least six months' duration) of subclinical hypothyroidism in most patients <65 years of age. Higher age is not a contraindication in itself, but caution is prudent in elderly persons.
A clinician's pragmatic approach would be to give the patient a chance of improved quality of life and cognition and reduced cardiovascular morbidity. Probably the risk for overtreatment is highly overrated. n 
